Energy crisis and environmental safety has become a thing of global concern, Nigeria inclusive. This is due to the increasing energy prices and environmental impact. Energy generated from the non-renewable energy sources has been linked up with this energy crisis and non-friendly environment. Research is therefore been geared towards harnessing renewable energy resources as alternative sources of energy generation. Renewable energy sources such as hydropower, wind, geothermal and solar just to mention a few are environmentally friendly. This study therefore aims at exploring renewable energy sources and thus designing a small hydropower plant using Ikere gorge Dam as case study. A survey was conducted through personal interview and probing of previous records of the site. Basic parameters such as flow rate of 31.8 m 3 /s and a head of 30 m were obtained. These parameters were used together with the standard equations for the design of the small hydropower plant. Costing analysis of the plant was carried out in other to estimate the cost of the plant. The comparative analysis of the renewable and non-renewable energy sources was also carried out. The theoretical power obtained for small hydropower project is 9.36 MW. The initial cost of the project is estimated at N63,343,970 with an estimated annual maintenance cost of N500,000. The annual energy output is 3.6 × 10 7 kWh and the project has estimated annual revenue of N579,960,000. When compared with other renewable energy sources, the cost of small hydropower plant is low and when compared with dwindling oil prices and environmental effects of non-renewable energy sources, small hydropower stands second to none. The study established that Ikere gorge Dam is a feasible site for a small hydropower plant and a small hydropower plant has also been designed; hence small hydropower plant is therefore recommended.
Introduction
Energy conversion and power generation has been a paramount and ever-evolving activity of man for several centuries. From simple wind-powered threshing mills, to coal-powered steam engines, power generation from natural gas, oil, renewable energy sources, and in recent time nuclear energy, man has constantly tried to improve. For developed countries, emphasis is laid on transition from non-renewable sources of energy to renewable sources with the aim of taming greenhouse effect and depletion of the ozone layer. For developing countries, such as Nigeria, it is a different ball game all together. Enough power is not being generated, let alone talks of transition. According to the Presidential Task Force on Power, "Nigerians are among the people most deprived of grid-based electricity in the world with a per capital consumption that is far lower than many other African countries". Nigeria currently has the capacity to generate about 6000 megawatts of electricity of which only 3600 is being generated for a populace of over 160 million.
What this means is that about 22.8 Watts of electricity is produced for each Nigerian per capita. For all things being equal, Nigeria has the capacity to generate enough power to meet the power consumption needs of the populace. Small hydropower (SHP) is a proven technology that can stand-alone, being connected to an isolated grid, or the national grid. In most cases, it is often combined with irrigation systems. One of the major industrial problems in Nigeria is power generation. Sufficient power is not being generated to cater for industry needs, as well as the needs of the populace. Nigeria has the capacity to produce enough power to cater for the needs to industries and the populace at large. Aside being blessed with crude oil, solid minerals, and workforce, Nigeria is blessed with sufficient water bodies. While power from gas, steam, and coal is prevalent, the adverse effect of their usage cannot be overruled. Hydropower can contribute immensely in tackling the power situation in Nigeria. The bottom line is that SHP can adequately contribute to the electricity needs of Nigeria. Statistics prove that Nigeria is blessed with enough water bodies that can contribute substantially to power generation output. The exploitable hydropower potential in Nigeria is conservatively estimated to be about 10,000 MW [1] and only about 19% is currently been tapped or developed. The hydropower potential in Nigeria accounts for about 29% of the total electrical supply [2] . As at 2005, Nigeria had the capacity to produce 734.2 MW of electricity from SHP, but only 30 MW was being produced, which is less than 5% of what can be produced [3] . This work therefore aims at adding to the repertoire of knowledge and specifically designed small hydropower plant capable of supplying electricity for a small community using Ikere water gorge in Nigeria as a case study. Electricity generation is closely tied to economic, industrial and educational development. About 1.7 billion people do not have access to electricity [4] . If the issue of electricity is properly and effectively handled, there's bound to be productivity in every aspect of the economy. If every community can handle its own power needs, the power supply hydropower. In a country like the United States, as at 1920, about 40% of the power produced was from hydropower. This wide spread popularity gave hydropower the nickname "white coal" [7] . At the early stages of the development of hydropower plants, they were relatively more reliable and efficient than fossil fuel-powered plants [8] . This can be held accountable for the proliferation of small and medium-sized hydropower plants wherever there was sufficient moving water and a need for electricity. As the population of the world increased, the demand for electricity grew, leading to an increased number and size of fossil fuel, hydropower, and even nuclear power plants. In recent years due to the size of hydropower plants, associated dams and reservoirs have been developed with additional uses such as irrigation, recreation, navigation, flood control, and water supply. Conversely, hydropower plants have been incorporated to dams that were originally built for irrigation, water supply, and flood control. Despite the seemingly high potential of hydropower, it accounts for about 16.3% of the world's electricity, which is lesser than power generated from fossil fuels. Fossil fuel plants account for about 67.2% of the world's electricity. However, power generated from hydro is higher than nuclear, wind, solar, geothermal, and other sources of power combined [9] . Concerns about the environment and social impact of using fossil fuels have considerably increased in the last decades. These concerns have lead to increased campaigns on shifting towards greener and more environmental energy source. As earlier stated hydropower provides the largest share of renewable electricity worldwide and still has enormous potential for future development. As at today, hydropower plants span from few Watts to several Gigawatts. The largest projects are Itaipu in Brazil (14,000 MW) and Three Gorges in China (22,400 MW).
Mechanism of Hydropower
The definition of small hydropower varies from country to country, as there is no internationally accepted value. In a country like Sweden, the limit is 1. [10] . Small hydropower projects can be further broken down as; mini, micro, and pico hydropower depending on the installed capacity. These limits are 1 MW, 100 kW, and 16 kW for mini, micro, and pico hydropower, respectively [11] . Table 1 shows hydropower definitions according to ECOWAS.
The 30 MW limit for small hydropower was because all the projects in the considered region were added up (ECREEE, 2012). [10] stated that "SHP meets the needs of the present without compromising the ability of future generations to meet their own needs." What this means is that small hydropower is sustainable. When compared with other sources of power, small hydropower ranks amongst the cheapest. Aside the fact that SHP has high untapped potential, especially in developing countries, its technology is open to new technological developments. Another major advantage is its flexibility and reliability, as well as its independence on the fuel costs. It has fast start up and shutdown response time [12] . According to [13] , "one GWh of electricity produced by small hydropower means a reduction of 480 tonnes of emitted carbon dioxide". What this implies is that, when compared with other sources of electricity, small hydropower is very much environmental friendly. In addition, small hydropower schemes have long life spans and after building and installations, the associated cost and frequency of maintenance are minimal [14] . Small hydropower plants however do not come without disadvantages. One of such disadvantage is the effect of small hydropower schemes on fishes. Weir and intake structures disrupt the movement of fishes. There is also the possibility of fishes being killed by the turbine blades or gas bubbles from supersaturated water. Another disadvantage is variation in energy production due to seasonal variations in flow. Unlike other sources which have more stable and fixed electricity generation capacity, variations in flow (during low flow seasons) limit electricity generation [14] . Going by the definition of small hydropower being between 1 MW -10 MW, as at 2004, the total globally installed small hydropower plants produced about 48 Gigawatts (GW), as shown in Table 3 . China is one of the worlds' largest users of small hydropower. As at 2005, China had reached a power production capacity of 31,200 MW which accounts for more than half of what is being produced worldwide [11] . Despite this promising figure, there are still several untapped small hydropower potential in several countries and continents, especially in Africa and Asia. In Canada moves have been made to replace diesel generators by SHP in remote, off-grid regions [10] (Figure 1 ).
Advantages and Disadvantages of Small Hydropower Plant

Small Hydropower in Nigeria
As stated in preceding sections, economic development of a country is closely tied to its ability to provide enough power to cater for the domestic and industrial needs of the populace. In Nigeria however, the demand for power far 
Data, Equations and Calculation
Results were obtained using the standard hydropower equations with the data obtained from the site (Ikere gorge Dam) coupled with some other fundamental fluid property values [18] . The Aerial view of Ikere gorge dam site using Google maps is as shown in Figure 2 and Figure 3 . The analysis done to obtain the results is as follows. Theoretical Power (P th )
The theoretical power is the maximum power that can be generated from the hydropower project. The assumption is that the efficiency of the system is 100%, as well as no head losses. The penstock diameter is calculated such that the overall head loss is limited to 4%. This is given by Equation (3.3) as. The frictional loss is given by equation The surge pressure wave velocity is given by Equation (3.8) The runway maximum speed for a Kaplan turbine is given as: 
Cost Analysis
Cost analysis was carried out using the fundamental equations [19] . Journal of Power and Energy Engineering 
Conclusions and Recommendations
In conclusion, this work has been able to establish that Ikere gorge Dam in Nigeria is a feasible site for a small hydropower plant. Small hydropower plant capable of supplying electricity for a small community using the gorge as a case study has also been designed. Estimated power generation capacity of the designed SHP is 9.36 MW. While the estimated total cost of the plant is ₦ 63,343,970, the plant annual deliverable expected revenue estimated is ₦ 579,960,000 with annual power yield of 3.6 × 10 7 kWh/yr.
Recommendations
It is clear that adoption of small hydropower schemes is a viable source towards increasing the power generation capacity of Nigeria. However, the underdevelopment in small hydropower is tilted towards certain governmental policies and their implementation than towards the unavailability of the technology.
As a result, the following recommendations are made with regards to small hydropower. In order to reduce the overall cost of purchasing SHP components, local manufacturing capacity needs to be sorted after, encouraged and tested.
Deregulation in the upstream and downstream sectors, such as private investors, are encouraged to invest in power generation.
